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With a view to explain the thermoelectric effects of La0.8Ca0.2MnO3 and La0.8Ce0.2MnO3 polycrystalline 
samples and to seek the role of scattering mechanism, a systematic investigation of thermopower S(T) in the me-
tallic phase have been undertaken. Within the relaxation time approximation, it is noticed that, the phonon drag 
S(T) with scattering of phonons from defects, grain boundaries, phonons and charge carriers in these samples are 
effective in the metallic regime. Later on, Mott expression is employed to incorporate the carrier diffusive ther-
mopower. The temperature dependence of the S(T) is determined by competition among the several operating 
scattering mechanisms for the heat carriers and a balance between carrier diffusion and phonon drag contribu-
tions in the polycrystalline samples of La0.8Ca0.2MnO3 and La0.8Ce0.2MnO3. 
PACS: 73.50.Lw Thermoelectric effects; 
74.25.Kc Phonons; 
75.47.Gk Colossal magnetoresistance; 
75.47.Lx Magnetic oxides. 
Keywords: thermoelectric effects, phonons, colossal magnetoresistance, manganites. 
 
1. Introduction 
The perovskite material R1–xAxMnO3 (R being trivalent 
rare earth ions) can be either hole doped or electron doped 
depending on whether A is a divalent alkaline earth ion 
such as Ca, Ba, Sr, Pb etc or tetravalent such as Ce, Sn etc. 
Both classes of this material exhibit a rich phase diagram 
as a function of temperature, magnetic field and doping, 
and show interesting phenomenon like colossal magnetore-
sistance (CMR) and metal–insulator transition [1,2]. 
Double-exchange interaction via spin polarized conduction 
electrons is appreciated as the main cause of CMR. 
The existence of metallic conduction and ferromagnet-
ism in manganites below the metal–insulator transition 
temperature has been explained by invoking the double 
exchange (DE) mechanism between Mn3+ and Mn4+ states 
[3]. On the other hand, the DE mechanism is inappropriate 
in explaining the spin-lattice or charge-lattice interactions, 
i.e., Jahn–Teller (JT) interaction and polarons, which is 
effective in addressing the electrical transport in the high 
temperature-semiconducting phase [4]. We thus aimed in 
measuring and understanding the transport of underdoped 
La0.8Ca0.2MnO3 and La0.8Ce0.2MnO3 manganites in the 
low temperature, i.e., in the metallic phase. 
The thermopower is one of the powerful and sensitive 
transport probes in analyzing the charge carrier dynamics 
as it manifests the local moments of charge carriers [5]. 
Infact, one can predict the nature of charge carriers based 
on the degree of JT interaction [6], studies on CMR phe-
nomenon of manganites have been focussed [6–8]. The 
thermopower measurements and its sign yield vital infor-
mation about the type of charge carriers responsible for the 
conduction mechanism of CMR materials. In view of this, 
thermopower studies of CMR materials are very important 
and also interesting. 
A direct microscopic evaluation of the phonon drag 
thermopower is an open issue yet. It has been shown [9] 
that phonon drag thermopower is substantial in manganites 
further provides the motivation of the present investiga-
tion. The thermopower depends on the way the heat carri-
ers interact with one another and with the environment 
namely the possible interaction of phonons with defects, 
grain boundaries and by themselves. It is worth to stress 
that in the above-mentioned studies [8,9], the importance 
of the competition among the several operating scattering 
mechanisms and a balance between the phonon drag and 
carrier diffusive contributions have not been stressed, 
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Fig. 1. Thermopower as a function of temperature for the 
La0.8Ca0.2MnO3 ({) and La0.8Ce0.2MnO3 (z). 
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however these are expected to be substantial to clarify the 
heat transfer. Apart from phonon drag effects another poss-
ible explanation for thermoelectric power in manganites is 
due to scattering of electrons by spin waves. In ferromag-
nets and antiferromagnets, the electron-magnon interaction 
produces magnon drag [8].  
Relatively less studied in this respect are the electron-
doped manganites of the form La1–xCexMnO3. If Ce ions 
exist in a mixed-valent state with a valence between 3 and 
4 as in the electron-doped superconductors, then Mn ions 
are expected to be Mn3+/Mn4+ instead of Mn3+/Mn2+, and 
the excess electrons provided by Ce doping are responsible 
for the metallic conduction and ferromagnetism. This rais-
es the possibility of CMR occurring in system with a 
mixed-valent state of Mn2+ and Mn3+ and therefore one 
expects these to have certain unique properties. Thus, a 
detailed understanding of the transport properties is essen-
tial for electron and hole doped manganites. 
We have chosen polycrystalline divalent Ca-doped 
La0.8Ca0.2MnO3 and tetravalent Ce-doped La0.8Ce0.2MnO3 
manganites as to have the comparison of S(T) and to im-
prove our understanding of the interplay of scattering 
processes between the heat carriers themselves and be-
tween the carriers and the impurities in the liquid He2 to 
N2 temperature region. We admit that no systematic efforts 
have been made in the past. Further it is relevant to study 
the relative magnitudes of these scattering processes, 
which lead to the anomalous behaviour. The results we 
report here do indeed shed some very important light on 
the nature of phonon and carrier channel of thermopower 
in manganites. 
2. Sample preparation and experimental details 
The polycrystalline divalent Ca-doped La1–xCaxMnO3 
and tetravalent Ce-doped La1–xCexMnO3 (x = 0.2) samples 
were prepared by solid-state synthesis. Stoichiometric 
amounts for La2O3, CaCO3, CeO2, and MnO2 were mixed 
and heated at different temperatures (950, 1050, 1250 and 
1350 °C) in air for 24 hours with intermediate grindings. 
The pellets were finally annealed at 1000 °C in oxygen 
atmosphere. 
The thermopower measurement of the doped manga-
nites compounds has been done liquid He2 to liquid N2 
temperature range using two-stage close cycle refrigerator. 
The thermopower sample holder consists of two copper 
blocks electrically insulated from rest of the system but 
thermally connected to the cold head of close cycle refrige-
rator. The radiation shield and the vacuum of 10–5 mbar 
ensure the minimal heat leak. The temperature of the one 
block is measured using silicon diode sensor with Lake-
shore temperature controller. The sample is kept in be-
tween the copper blocks. A finite temperature difference of 
1–2 K is maintained between the two copper blocks by 
manganin wire heater wounded on the copper blocks and 
controlled using Au–Fe (7%) — Chromel thermocouple 
and Lakeshore temperature controller. The thermo-emf 
thus developed across the sample is measured against cop-
per. The thermopower is computed as the ratio of thermo-
emf to the temperature difference. The absolute thermo-
power is then calculated by subtracting the measured ther-
mopower from the copper thermopower which has the val-
ue of few μV/K in the whole temperature range [10]. 
3. Results and discussion 
The variation of thermopower with temperature is illu-
strated in Fig. 1 for both polycrystalline samples from liq-
uid He2 to liquid N2 temperature range. It is inferred that 
the thermopower shows a metallic phase, for both 
La0.8Ca0.2MnO3 and La0.8Ce0.2MnO3. The thermopower 
measurements at low temperatures for underdoped 
La0.8Ca0.2MnO3 and La0.8Ce0.2MnO3 yield positive sign 
and thus holes are the type of charge carriers responsible 
for the conduction mechanism consistent with the earlier 
measurements for La1–xCexMnO3 (x ≤ 0.6) [11]. Further-
more, in low temperature domain, S shows upturn in the 
ferromagnetic phase and might be due to the weak locali-
zation. A linear term and a phonon-drag-type anomaly are 
clearly visible at low temperatures, further evidence of 
well-established metallic phases. 
We have attempted to interpret the observed behaviour in 
this temperature region following a model where the pho-
nons are described in the Debye model and the hopping of 
charge carriers are treated in an isotropic double exchange 
model. The use of the Debye model is reasonable since the 
temperature region of interest lies well below the Debye 
temperature. As the simplest approximation to the problem 
at hand, the isotropic Debye model approach is used to de-
rive qualitative results, as we will demonstrate later. We 
start with a model Hamiltonian that follows [12,13]
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here, initial two terms is carriers and phonon excitations. 
The third and fourth terms represent the carrier–impurity 
interactions and carrier–phonon interactions, respectively. 
The fifth and sixth terms denote the phonon–impurity and 
the phonon–phonon interaction, respectively. 
The notations a (a+) and b (b+) are the creation (annihi-
lation) operators for phonons and carriers. Dp is the defor-
mation-potential constant and R is the relative ionic-mass 
difference [(M′′−M)/M′′], respectively. The phonon fre-
quency of a wave vector q is ωq. N is the number of cells. 
ρ is being the mass density of ions and Ri stands for the 
position of defects. εk is the hole free energy. 
The thermopower following model Hamiltonian [Eq. (1)] 
can be calculated from the Kubo formula [14]. It has contri-
butions from both the phonons and the carriers. We first 
explore the lattice part; in the continuum approximation [15] 
3
drag 4 4
ph 2
0
e( ) ( ) ( )( ) ,
(e 1)
D
B
D
k TS T d A
e
ω βω
βω
⎡ ⎤= − ω βω ω βω⎢ ⎥θ −⎣ ⎦ ∫
  (2) 
with kB is the Boltzmann constant, e is the charge of carri-
ers, ωD is the Debye frequency and β = =/kBT. The relaxa-
tion time is inhibited in A(ω) and is proportional to the 
imaginary part of the phonon self-energy. The phonon drag 
thermopower relaxation time A(ω) is written as 
 
1
ph ph ph ph( ) 1/ 1/ 1/d gbA
−
− − −⎡ ⎤ω = τ + τ + τ ×⎣ ⎦   
 ph– ph ph ph ph1/ 1/ 1/ 1/ .d gb c− − −⎡ ⎤× τ + τ + τ + τ⎣ ⎦  (3) 
In the weak interaction case, it has been calculated to the 
lowest order of the various interactions. The relaxation 
times are expressed as  
 1 / ( ) 2 Im ( / , ) .sP vτ ω = ω ω  (4) 
The various relaxation times are defined in terms of trans-
port coefficients as [12,13] 
 1 3 4ph ph( ) ( / ) ,d d BD k
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 ( )31ph ph phph( ) / ,BD T k− −τ ω = ω=  (7) 
and 
1
ph ph( ) ,c c FD n
− −τ ω = ω  (8) 
where L is the crystal dimension, nF is the Fermi–Dirac 
distribution function. The notation τph–d, τph–gb, τph–ph and 
τph–c are the phonon scattering relaxation time due to de-
fects, grain boundaries, phonon and phonon–carrier inte-
ractions, respectively. It is worth to mention that to this 
order Mathiessen’s rule holds namely, that the inverse of 
the total relaxation time is the sum of the various contribu-
tions for the different scattering channels. The transport 
coefficients appearing in Eqs. (5)–(8) are defined as 
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characterize the strengths of the phonon–defects and pho-
non–electron scattering process. Here, ni is the density of 
impurities or defects, εF is the Fermi energy of holes as 
carriers and m is its mass. 
Let us now proceed to include the effect of free carrier 
diffusion contribution towards thermopower contribution 
employing the well-known Mott formula. The low temper-
ature carrier diffusion thermopower [15] is 
 
2 2
diff  ln ( )( )
3
F
B
c
k TS T
e ε=ε
π ∂ σ ε⎡ ⎤= − ⎢ ⎥∂ε⎣ ⎦  (11) 
with σ(ω) (= Ne2τ(εF)/m) is the energy dependence of 
conductivity in the relaxation time approximation. In what 
follows, the mean free path of the carriers (A) is assumed to 
be independent of temperature, the Eq. (11) becomes 
2 2
diff ( )
3
B
c
F
k TS T
e
π= − ε  (12) 
with constant mean free path, the method point to the scat-
tering of carriers by impurities is dominant. In the tempera-
ture range where diffusive S dominates, the S of metals, 
even disordered ones, is of the order of a few μV⋅K–1 and 
is linear in temperature. The thermopower of semiconduc-
tors, in contrast, is typically several tens to hundreds of 
μV⋅K–1, and is governed by thermal activation of carriers 
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Fig. 2. Various phonon relaxation times at different temperatures: 
10 K (a) and 50 K (b) as a function of x = =ω/kBT for the 
La0.8Ca0.2MnO3: ph–d (⎯), ph–c (---), ph–ph ("). 
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thus increasing with decreasing temperature. Henceforth, 
the S of metals and nonmetals differ not only in their mag-
nitude but also in their temperature dependence. It is fur-
ther noticed that both these samples shows positive ther-
mopower range up to liquid N2 and is an indicative of 
holes as charge carriers for thermal conduction. 
For the actual calculation of the transport properties, it 
is essential to know realistic values of some physical pa-
rameters governing the thermopower behavior. To gain 
additional insight into the mechanism responsible for the 
transport we have carried out thermopower studies with 
particular emphasis on carriers and phonon drag contribu-
tion for S(T) in manganites. The acoustic mode frequencies 
are estimated using a inverse-power overlap repulsive po-
tential whose details are reported elsewhere [16]. 
While calculating the Debye temperature θD the index 
number of the repulsive potential is used as s = 10 
and the in plane Mn–O distance r0 = 1.94 [1.96] Å, yield-
ing κ = 15.4[15.2]⋅104 g⋅m⋅s–2 for La0.80Ca0.20MnO3 
[La0.80Ce0.20MnO3], respectively. Details of the method of 
calculation of characteristic frequencies and their relevant 
expressions are reported elsewhere [16]. It is useful to 
point out that for manganites the index number of the re-
pulsive potential has been reported [17] to be s = 10. With 
these parameters, the Debye temperature (θD) is estimated 
as 410 (412) K for La0.80Ca0.20MnO3 (La0.80Ce0.20MnO3), 
respectively, which is consistent as those revealed from 
specific heat measurements [18]. It is worth to mention 
that θD is a function of temperature and varies from tech-
nique to technique and its value also vary from sample to 
sample with an average value and standard deviation of 
θD = θD ± 15 K. For La0.80Ca0.20MnO3 (La0.80Ce0.20MnO3), 
we use the transport coefficients that characterize the 
strengths of the phonon–defects Dphd (10
–8 K–3) is 6.12 
(5.4), phonon–grain boundary Dphgb (10
–3) 3.3 (3.4), pho-
non–phonon Dphph (10
–4 K–6⋅s–1) 0.5 (0.7) and phonon–
carrier Dphe (10
–3) 3.1 (8.5) scattering process, respective-
ly. These are indeed material dependent parameters for 
phonon drag thermopower in the present model. In these 
calculations we have used the length of the sample is about 
3 mm and vs = 3⋅105 cm⋅s−1. 
Let us first discuss the relative magnitudes of the vari-
ous scattering mechanisms. A plot of various scattering 
phonon relaxation time as a function of x = =ω/kBT in 
terms of frequency at T = 10 and 50 K are shown in Figs. 2 
and 3 for La0.80Ca0.20MnO3 and La0.80Ce0.20MnO3, re-
spectively. It can be seen that for low value of x, the pho-
non–electron scattering is higher while for high value of x, 
it is the phonon–defect scattering that grows faster. On the 
other hand, at both small and large value of x, phonon–
phonon scattering process is weaker at low temperatures 
(T = 10 K) for both the samples. As we go with increase in 
temperature (T = 50 K) phonon–phonon scattering im-
proves and phonon–electron scattering becomes weaker. In 
particular, phonon–phonon umklapp scattering grows fast-
er than phonon–electron scattering due to large mobility of 
carriers in the high temperature region. 
The main finding of phonon drag thermopower ( dragphS ) 
in Fig. 4 is that at low temperatures and they cannot scatter 
phonons. dragphS , thus, increases exponentially with tem-
perature in the absence of the other scattering mechanism. 
Although the phonon drag thermopower experiences an 
exponential increase at low temperature, the presence of 
the defect, grain boundaries and the carriers set a limit on 
its growth, as a consequence the phonon drag thermopower 
diminishes as the temperature increases further. 
It is evident from Fig. 5 that at low temperatures, 
drag
ph ( )S T  is linear in temperature, which is common for 
most metals and change in a slope around 10 K. The depar-
ture from linearity at about 10 K depends on the relative 
magnitudes of the phonon defect and phonon–phonon inte-
ractions. Below 10 K, the grain boundary and defects be-
come the effective phonon scatterers and the thermopower 
exhibits a typical T2 behavior at even lower temperatures, 
grain-boundary scattering dominates and the usual Debye 
T3 behavior is revealed. dragph ( )S T  shows a saturating beha-
viour and shows slow negative dS(T)/dT at higher tempera-
tures. This kind of nature is attributed to the fact that the 
phonons mean free path decreases with the increase in 
temperature, as more and more carriers are available for 
scattering. Possible reason for the departure from linearity 
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Fig. 3. Various phonon relaxation times at different temperatures
10 K (a) and 50 K (b) as a function of x = =ω/kBT for the
La0.8Ce0.2MnO3: ph–d (⎯), ph–c (---), ph–ph ("). 
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Fig. 4. Variation of phonon thermopower as function of tempera-
ture in presence of various phonon scattering mechanism for the 
La0.8Ca0.2MnO3 (a) and La0.8Ce0.2MnO3 (b): d (⎯), d + gb (---),
d + gb + c (−⋅⋅−), d + gb + c+ph ("). 
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at about 10 K is mainly due to the competition between the 
increase in the phonon population and decrease in phonon 
mean free path due to phonon-phonon scattering as evident 
from Eqs. (2) and (3). 
To ascertain the physical significance of the density of 
impurities, we evaluate the transport coefficients Dphd ap-
peared in Eqs. (8) and (9). We estimate the product of densi-
ty of impurities and square of relative ionic mass difference, 
niR
2 = 5.0 (1.3) for La0.8Ca0.2MnO3 (La0.8Ce0.2MnO3), 
respectively, from the value of coefficient Dphd. Due to the 
fact that the transport parameter Dphd is determined by the 
magnitude of the phonon–impurity interaction, we are able 
to roughly estimate the density of impurity scatterers 
which may point to the fact that the quasi particles in the 
metallic state are essentially localized. By this way, one 
can set a limit to the concentration of impurities if the im-
purities as scatterers are of isotope in origin. 
We turn now to the calculation of the carrier diffusion 
thermopower ( diffcS ) which is given by the Eqs. (11) and 
(12). The effective mass of the carriers along the Mn–O 
plane is obtained from the electronic specific heat coeffi-
cient, γ, using the relation, 2* 3 / Bm d k= γ π= . Considering γ = 
= 4.7 mJ/mol/K2 from the heat capacity measurement for 
La0.80Ca0.20MnO3 [18], m* ≅ 2.4 me is obtained. For a 
stack of 2D conducting planes well separated by an aver-
age spacing, d, the condition for optimised transfer of elec-
trons infers the 2D electronic charge carrier density and 
follows ncd
2 = 1 to obtain nc ≅ 2.2⋅1014 cm–2. Analogous-
ly, we express 3D electronic charge carrier density follow-
ing nvd
3 = 1 to obtain nv ≅ 5.65⋅1021 cm–3. Within the 
Fermi liquid picture the calculated electron parameter as 
the Fermi energy εF ≅ 0.6 eV for La0.80Ca0.20MnO3 sys-
tem. To gain an additional insight in to the observed metal-
lic, it is worth to address the possible role of mass renor-
malization of carriers due to differed values of γ obtained 
from specific heat measurements [18] and electron energy 
band structure calculations [19]. In this situation it is worth 
to address the role of Coulomb correlations in revealing the 
transport properties in manganites. The effective charge 
carrier mass is sensitive to the nature of interaction in Fer-
mi liquid description. 
In the present analysis of elastic carrier-impurity contribu-
tion to the thermopower at low temperatures is documented 
in Fig. 5 for La0.80Ca0.20MnO3 and La0.80Ce0.20MnO3 along 
with the measured data. The thermopower behavior de-
pends on the competition among the various scattering 
mechanisms for the heat carriers and balance between the 
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Fig. 5. Thermopower versus temperature along with experimental
data for La0.8Ca0.2MnO3 (a) and La0.8Ce0.2MnO3 (b). Stotal (⎯),
Sexp ({). 
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electron and phonon competition. Finally, it is worth 
stressing that the S(T) decrease slowly above 25 K and is 
well reproduced from the present theoretical model (see 
Fig. 5), this phenomenon is attributed to shortened phonon 
mean free path as compared to that at low temperatures. It 
may be seen that the slope change in dragphS is much more 
pronounced than that in diffcS  below 15 K for both sam-
ples. The reason for being this change is due to the fact that 
the phonon–impurity scattering dominates and electron–
impurity scattering is weaker. 
4. Conclusions 
The low-temperature heat transfer, i.e., thermopower 
behavior is an instructive probe to reveal the lattice effects 
and carrier diffusion as well the interaction of these excita-
tions with one another with impurities, grain boundaries 
and defects. We have measured thermopower of Ca and Ce 
doped LaMnO3 manganites and analysed the metallic be-
havior within the framework of relaxation time approxima-
tion. The thermopower measurements for underdoped 
La0.8Ca0.2MnO3 and La0.8Ce0.2MnO3 reveals a positive 
sign and thus holes are the type of charge carriers respon-
sible for the conduction mechanism. 
In order to simulate the actual situation occurring in the 
temperature dependent behavior of S(T) in manganites, we 
considered two channels to S(T): carrier diffusion ( diffcS ) 
and phonon drag ( dragphS ) is discussed within the Debye-
type relaxation rate approximation in terms of the acoustic 
phonon frequency, a relaxation time τ and the sound veloc-
ity. The rapid increase in S(T) is attributed to increase in 
phonon mean free path due to carrier condensation in the 
low temperature domain limited by various impurity scat-
tering mechanism. The physical entities in the present 
scheme that characterize the strengths of the phonon–
defect, phonon–electron, and phonon–phonon scattering 
leads to a result that successfully retrace the experimental 
curve. The behavior of the S(T) is determined by competi-
tion among the several operating scattering mechanisms 
for the heat carriers and a balance between carrier diffusion 
and phonon drag contributions in the polycrystalline sam-
ples of hole-doped La0.8Ca0.2MnO3 and electron doped 
La0.8Ce0.2MnO3 manganites. 
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